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LPNHE

PARIS

* SM Higgs boson mass is constrained
indirectly through precision
measurements
- self-energy corrections to the W
mass depend on the mass of the top
quark and Higgs boson, which are
both precisely measured at Tevatron
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Introduction

Global SM electroweak fits provide
upper limit

- The best fit gives mH=94t§Z GelV
- Limit from fit m < 152 GeV
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LPNHE Historical perspective

PARIS

» LEP (1989 - 2000): m , > 114.4 GeV@95% CL

At hadron colliders:

* Tevatron Run IT (2002-2011):
- First post-LEP exclusion (2009) x
- First evidence of a Higgs-like particle decaying to a pair of b- quar'ks

(July 2012)

* LHC (2009 - 2012):
- Excluded wide mass range (111 - 122 GeV and 127 - 600 GeV)

- Discovered the new Higgs-like boson mainly through vy and ZZ decays
(July 2012)

10 ' i ' -
 ATLAS 2011-2012 E+to
C \s—7Tev: [ldt-a64asm’ L Jt20

" \s=8TeV:|Ldt=5859f" — Observed
SR Bkg. Expected |

Local p-value

-

=3
c

o
=
£
—
-
)
*
To]
D

CL, Limits

110 150 200 300 400 500 s 2
m. 1GeV P T TR T SR T R 140 145
n [GeV] eV,

3/22/2013 o L. 7. Higgs boson at Tevatron



Sue . .
LPNHE Current situation

* LHC (2009 - 2012):
- Since July 2012 progress in each channel

- Observation confirmed in bosonic channel
- ATLAS: m = 1255 + 0.2 (stat) -0.6+0.5 (sys) GeV

-CMS: m_ = 125.8 + 0.4 (stat) + 0.4 (sys) GeV
- H - bb with ~18 fb! data deficit at Atlas and ~2.2 s.d. excess at CMS
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LPNHE Production at Tevatron ...

* Dominant production is gluon-gluon fusion (ggH)

* Significant contribution from associated production (VH)

Tevatron

Vs=1.96 TeV

o(pp—H+X) [fb]

275 300
m,, [GeV]
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LPNHE

... and Decay

* Dominant decay to:
- bb for m_, <135 GeV

- WW for m_ > 135 GeV

H W or 1
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| PNHE Backgrounds

PARIS

* We model background processes with Alpgen+Pythia, Pythia and CompHEP
* Normalized with the highest order cross section available (NLO or better)
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LPNHE

How did we search?

ParIS
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LPNHE How did we search?

PAaRIS
s PP/pp cross sections
glﬂ - : I ' T TTT | T I T T
=101 PP PP
© 3 c
0 13;_ tot : O e N $
12: E E Cnnsrufulaﬂnns, '
] g i€ only took you '
' =
101 // 65299 seconds

—
=
—
=
ERRALLE B
A
=

[ [y [ [y [
=] = =] = =]
= tn =) =1 ] L=l

T T T

o, et(Efr“' > s/20)

Ow

Oz

Gjet‘Ej: > 100GeV)
It actually
took

48 years

MO

10 " = _
u . - Uﬂ
F el

10 2-5_ Gjet{ET = vs/4)

10 F Ohiggs (M,,zlSOGeVI
g \
E Gy (M =500GeV)
].0-1 ng'gslu IIIII| 1 1 [ |
103 1{]4 \E(GEV wesy jolyon.couk Q

3/22/2013 L. Z. Higgs boson at Tevatron 12



LPNHE

PARIS

PP/pp cross sections
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L. 7. Higgs boson at Tevatron

How did we search?

Extract tiny signal from huge background

Use efficient and well understood
triggers

Optimize lepton ID, use multivariate
techniques (MVA) to identify leptons and
various lepton categories

Optimize b-id, use MVA and multiple b-
tagging categories

Use advanced MVA techniques to further
separate signhal from background

Validate search with measurement of
known SM processes

13



LPNHE

PARIS

Overview of the DO results

CDF results presented by T. Junk on January 18™:
http://theory.fnal.gov/jetp/talks/wc_trj_cdfhiggs 18jan_pub.pdf

3/22/2013 L. Z. Higgs boson at Tevatron
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http://theory.fnal.gov/jetp/talks/wc_trj_cdfhiggs_18jan_pub.pdf

LpNHE) Overview of the channels at DO

PARIS

D@ Luminesity (fb™') My (GeV) Reference

WH — fvbb 0.7 090-150 Phys. Rev. Lett. 109, 121804 (2012); Acc by PRD arXiv:1301.6122
ZH — {fbb 0.7 090-150 Phys. Rev. Lett. 109, 121803 (2012); Sub to PRD arXiv:1303.3276
ZH — vibb 9.5 100-150 Phys. Lett. B 716, 285 (2012)

H s WtW- = fful o 0.7 100-200 Ace by PRD arXiv:1301.1243

H+X 5 WW = g5 174 < 1jet 7.3 155-200 Phys. Lett. B 714, 237 (2012)

H - WW~- = fug'g 0.7 100200 Acc by PRD arXiv:1301.6122

VH — eep/ppe+X 9.7 100200 Sub to PRD arXiv:1302.5723

VH = eSp*+ X 0.7 100-200 Sub to PRD arXiv:1302.5723

VH — fvg'gq'q 9.7 100200 Ace by PRD arXiv:1301.6122

VH = map + X 8.6 100-150 Sub to PRD arXiv:1302.5723

H+ X — fmgg 9.7 105-150 Ace by PRD arXiv:1211.6993

H — vy 0.7 100-150 Acc by PRD, arXiv:1301.5358

* DO combination:
H - bb:
- Phys. Rev. Lett. 109, 121802 (2012)
All channels:
- Submitted to PRD arXiv:1303.0823

* All new papers will be in a single issue of PRD

3/22/2013 L. Z. Higgs boson at Tevatron



LPNHE

PARIS

3/22/2013

L. 7. Higgs boson at Tevatron
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me\ - A% ~ New since
PARIS _ ICHEP'12
* Updated data quality requirement
* Narrow resonance on top of a smoothly falling background in the
m,, spectrum: Measured mass resolution 3.1 GeV @ m_ =125 GeV
* Multiple stages of MVA:
- Neural Network to select loose photons, and then to define two

independent samples, y-enriched and jet-enriched
- Boosted Decision Trees to further separate signal from backgrounds

* Exp. (obs.) sensitivity @125 GeV: 8.7*SM (12.8*SM)

N L - r
o | D®@,9.6fb’ ®b) | & [ DG 96fb" @ | =, D@, 09.6fb" (a)
(O] - + Data o % -+ Data- Background =
10 2000} Oy £ [, —Hsignalx128(M =125GeV) | E 40c —Observed
8 T+jet 9 40;_ Background £ 1 s.d. : 35t --Expected
c C Ml jet+jet 1] - . = +1s.d.
2 1500 Ziv*s ee 200 o 30§ [JExpected + 1 s.d
w [ — Signal x 100 (M =125 GeV) e | J::' Q250 [ |JExpected + 2 s.d.
1000l ... Signal x 100 (M| =125 GeV) 0 = g + B 0
: -20~ 15-
- + 100
-40- c
C 5:—
. i o el Cov b b b b bvvn b b n bvwn by T T T
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M,, (GeV) BDT output M, (GeV)
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LPNHE

PARIS

3/22/2013

H - 1t

L. 7. Higgs boson at Tevatron
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LPNHE

PARIS

H - 1t

* Combine analyses with H - tt:
- VH - prt - added ~20% more data, optimized

—H+X —

It + 2 jets - added

* They include some contribution from

H-WW
- Use dedicated MVA to separate
different contributions

* Exp. (obs.) @125 GeV: 7.25 (10.84)*SM
(~60% improvement from ICHEP'12)

3/22/2013

2

95% CL Limit on 6,/ o,
o

1E

:IIIIIIIIIIIIIIIIIIIIIIII'IIII|IIIIIIIII|IIII|IIII
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L. Z. Higgs boson at Tevatron
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ICHEP 12\ 4
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LPNHE

PARIS

3/22/2013

L. 7. Higgs boson at Tevatron
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-
LENHE H - WW
« The most sensitive channel for m, > 135 GeV

* Split according to the decay mode of the W
- Dilepton channels have low branching ratios
thus low yield, but also low backgrounds
- Semileptonic channels must contend with
large V+jets backgrounds

* Split according to the production mode - ggH,
VBF and VH
- Split opposite-sign dilepton and semileptonic
channels into different jet multiplicities
- Include a search for the same-sign leptons,
where one originates from associated W
- Include final states with three leptons

3/22/2013 L. Z. Higgs boson at Tevatron

E [7p)
o 2
Tl o8
c |+ |9
Ol c|+
< | O
o 28
)
el tautjets
muon+jets
% |
S electron+jets

Associated production
with W, WH - WWW

is important for coupling
measurement;

It probes coupling to the
W boson only!
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LPNI” New smce L
PARIES ICHEP 12\ 4

A 3 /

Y
A8

* Refined selection; splitting to
WW enriched and depleted
regions for H - WW - evpv

* Signatures:

- Two isolated high p_ leptons,

large E_, small Agp(ll), small
AR(IN

=> Lepton identification
improved over years to allow
for more efficient selection

* Use multiple MVA to reject
different backgrounds

3/22/2013

Events/0.04

antiproton

al Signal
10 [Z+jets E
C ODiboson ]
103 EW+jets
i DMuItljet :
10%; lhkg syst E

1071

10F

H WW = lvlv

prot

on

Events/0.10

«Data
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OZ+jets
CODiboson
EW+jets
|:| Multijet

10° lgkg syst.

10°

102

10

1

10"

107,706 -02 02 06 1
0-jet DY-BDT

* Remove most of the Z(+jets) - |I

* Use dedicated MVA to separate
samples into WW enriched and
WW depleted regions

DG, 9.7 b, ee + E, D2t

02 04 06 08
0-jet WW-depleted Final BDT

L. 7. Higgs boson at Tevatron

Events/0.04

4 a4 eData |
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103=_ CDiboson _
£ EW+jets 3
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102_ lgkg syst
10E |
1 ; = =)
10"; — N
02 04 06 08
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LPNHE

Validation with diboson measurement
 Use identical selection and similar MVA " l
- Use WW process as a signal in training ! v

* Measured cross section: (1.02+0.06)*SM

q w
A%
s F D@, 9.7 b, II
© [ D@,L <9.7fb" 0,9.7107, 1+
D L int
o 400F Gee —5—13.3+ 1.1 (stat) 1.1 (syst)
-~ —+— Data - Background Ww - I -
300 WM Measured WW Gony 11.1+ 0.6 (stat) + 0.6 (syst)
C +1 s.d. on Background
200: (c) Curw —4—  11.5+ 0.9 (stat) £ 0.7 (syst)
B ccombined i 11.6 £ 0.4 (stat) + 0.6 (syst)
100
: GNLO & 11.3+0.7
0 _ Campbell and Ellis, PRD 60, 113006 (1999)
| 1 l | PRI ] S B - L |
R R R W 1Y S | Y- S B - 5 10 15 20 25
log_ (s/b) Cross Section (pb)
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LPm\ Other H -~ WW searches

PARIS

* Included semileptonic decays of W,
and also associated production:
- H-WW . lvjj - added ~807% of data
- VH-VWW - Iv+4 jets - optimized

- VH-VVV S lI+X - added ~12% of data

- VH- VWW - e*y*+X - optimized

V(—Iv)+2 jets, pretag

<t 45000~ D@, 9.7 fb™' —+ Data
Qo g
S 40000 (c) v
~ 35000} Top
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20000 - []signal (x 100)
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- — .
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L. 7. Higgs boson at Tevatron

Second BDT Discriminant
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LPNHE

H - WW result

PARIS
* Dilepton channel only: * Full DO H-WW:
* Excludes (expect): * Excludes (expect):
159-176 (156-172) GeV 157-178 (155-175) GeV
* Sensitivity @125 GeV: Sensitivity @125 GeV
exp - 3.4; obs - 4.1 exp - 2.9, obs - 4.6
sS1P——7T 11 = r
@ [ DG,9.7 b, Il + E; @ [ DOL,<9ri == Observed
= [ ] ~ [ SMH-W*W Combinati :
E — Observed Limit | ° PDINATON o= Expocted wio Higgs
IR S Expected Limit G [ ] Expected =1 s.d.
O b Expected +1 s.d. = 10¢ cted 12 s.d.
3 10F Expected +2 s.d. - E """""" [ ] Expected 25
o C ] -
(&)
2 [ ey
R = < 1 S—_C N_——_
1§ SM = 1.0 R -
100 120 140 160 180 200 10616120186 140" 756166170~ 186156" 300
M, (GeV) M, (GeV)
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LPNHE Log Likelihood Ratio (LLR)

PARIS

2 ,sF Do,L_ <97 T
: 20 - SMH—W'W Combination ---LLH: P(S + b)
A U, LLR=-2In
$'SE - P(b)
_likel 5 10F
Background-liket 5 g P - Poisson likelihood of B or
outcomes - TE S+B hypothesis
0k
Signal-like 5E
S {1 S T N S P P T ST PR
outcomes 100 110 120 130 140 150 160 170 180 190 200
M, (GeV)
\/ ¥

» The separation between LLR_ (background-only hypothesis) and LLR_, (signal-
plus-backgroundhypothesis) provides a measure of the discriminating power of

the search

 The width of the LLR , distribution (1 s.d. and 2 s.d. bands) provides an estimate
of how sensitive the analysis is to a signal-like background fluctuation in the
data, taking account of the presence of systematic uncertainties

» The value of LLR  _relative to LLR_, and LLR indicates whether the data

distribution appears to be more like signal-plus-background or background-only.
3/22/2013 L. Z. Higgs boson at Tevatron 26



LPNHE

PARIS

3/22/2013

VH - Vbb

L. 7. Higgs boson at Tevatron
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LPNHE VH - Vbb
* ZH - llIbb - 2 leptons + 2 b-jets

* Modeling of the Z+jets background;
rejection of the tt background

ZH - llbb  ®

* WH - |lvbb -1 lepton + MET + 2 b-jets

* Modeling of the W+jets backgrounds

* Modeling and rejection of the multijet
backgrounds

H

WH — Ivbb

q

 ZH - vvbb - MET + 2 b-jets
(contribution from WH also)

i H

ZH - vwbb

3/22/2013 L. Z. Higgs boson at Tevatron

* Background modeling and rejection

b

b
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LPNHE

VH - Vbb

PARIS
. R § g Tagge;r
* Key ingredients: e A IO
S C _
. o £ [ | —%— MVABL Summer 09
- Lepton, jet and E_ reconstruction 5 eof —_ 7‘%
= -
. K] - w signal ! /
- Jet energy resolution => Am/m~15% e ﬁ# =
: 50 # -
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- M H‘ I 1' 1' h " '|' \ 1' a5 - [-50% fakes 1]
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‘ P 0 02 04 06 038 1 12 14
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~ 1400 g Top Primary Collision G 1000 - Top
(] C V+hf V+hf
r— (=)
c 1200 Valf 800 #" Valf
> 1000F Il Multijet ; 600 ’: I Multijet
L 800 - [ ] signal (x 50) r i [ ] Signal (x 200)
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(b +b:"|’) )/2 Dijet mass [GeV]
ID
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LPNHE

PARIS

* Key ingredients:
- Lepton, jet and E_ reconstruction

- Jet energy resolution => Am/m~15%

- b-tagging
- Multivariate techniques to reject

Displaced Tracks

VH - Vbb

backgrounds

Displaced tra

»
-

Decay Iifeﬁ:;e //o ondary vertex
V(_)IV)+2 jets, tWO tags Primary vertex 3 /// KDecay
O 1800 D@, 9.7 fb™! —+ Data " v Vertex
Q :
o' 1600 - - vV Prompt tracks ) o
— r Top Primary Collision
” 1400 -
L L V+hf
c 1200F, v
o - +If
I.E 1000 Il Multijet
800 — [] Signal (x 50)
- M, =125 GeV
6001 B o s/b 1/7000
400 "=
200 B eV E=
0 02 04 06 08 1
l 1,
(b +by})/2
3/22/2013

§ E Tagge;r
g 65— —— NN Moriond 09
2 - NN Summer 09 —
= C | —e— ummer
E 60 MVA BL § 09 ;l _—
8 — B
3 55 :_ w signal ! /
- A - ’
50" %Ai\ ‘ -~ /7
45: ﬁ/ J/ 50% fakes !
- {'g [20% fakes 1] >40and 0< |y <0.8
P, i
a0
0_ Il').2 0.4I 0.6 Il').8 1 | I1.2I | I1.4I |
fake-rate (%)
V(—-lv)+2 jets, two medium b-tags
C -1 D
400 D9,9.7fb —+ Data
> = (b) v
g 300 - - Vaht
N 250 S V+if
. o Il Multijet
" 200° T T .
r= 150 - | [ ] signal (x 50)
QO o L M =125 GeV
> . RS H
1/400 2 10004
50 [
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LPNHE

PARIS

* Key ingredients:
- Lepton, jet and E_ reconstruction

- Jet energy resolution => Am/m~15%

- b-tagging
- Multivariate techniques to reject
baC kgr‘ounds Displaced Tracks

Displaced tra

»
-

VH - Vbb

Decay Iifeﬁ:;‘e //o s
V(_)IV)+2 jets, tWO tags Primary vertex 3 /// KDecay
O 1800 D@, 9.7 fb™! —+ Data " v Vertex
Q :
o' 1600 - - vV Prompt tracks ) o
— r Top Primary Collision
” 1400 -
L C V+hf
c 1200F, v
o - +If
I.E 1000 = Il Multijet
800 [] Signal (x 50)
- M, =125 GeV
6001 B o s/b 1/7000
400 "=
200 B eV =
0 02 04 06 08 1
l 1,
(b +by})/2
3/22/2013

§ E Tagge;r
g 65— —— NN Moriond 09
2 - NN Summer 09 —
= C | —e— ummer
E 60 MVABL S 09 ;l "
5 [ — ]
3 55 :_ w signal ! /
- A - -
50" %Ai\ ‘ 7 /7
45: ﬁ/ J/ -50% fakes !
- {'g [20% 1 p,>40and 0<n|<0.8
a0
0_ Il').2 0.4I I0.('3I ‘ I0.8I - 1 — I1.2I ‘ I1.4I ‘
fake-rate (%)
V(—lv)+2 jets, two tight b-tags
400 - pg, 9.7 fb*! + Data
> 350 (c) v
o F Top
O 300
o . V+hi
N 250 Valf
; 200 f_ _+- - Multijet
= 150 3 + [ ] signal (x 50)
QO u M =125 GeV
1/200 Lﬁ 100 _ | "
B +
50 : +
e :
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0 50 10015020025

0300350400
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LPNHE

PARIS

* Key ingredients:

- Lepton, jet and E_ reconstruction

- Jet energy resolution (15%)

- b-tagging: eff 50-80%; mis id 1-10%
- Multivariate techniques to reject

backgrounds

- Either to split into two regions or

to remove background ¢

x107

ZH —W bb analy5|s sample (medlum b—1ag)

—+— Data D@, 9.5 b "' 3
o Top =
T V+hfa+VV E

V+L.1.

B Multijet
[ VH(125)x 100
—>

-1 -08 -06 -04 -02 0 02 04 06 08 1

3/22/2013

Multijet DT

L. 7. Higgs boson at Tevatron

VH - Vbb

Events / 0.05 Events / 0.05

Events / 0.05

120 =(b) Double Tag D@, 9.7 tb"!
100H — Zir
20 | = Z+bt__) .
— o tt depleted ;
60 B Diboson H

I Multijet

M;=115 GeV

00 0.102 0304050607 0809 1

tt RF Output
50 E(b) Double Tag D@, 9.7 tb !
_ e Data —Z+LF
40 FttRF20.5 Wz MZicc
[ Top Diboson

| tt depleted -Multijet""fg:l“los GeV

0 P e — -—.........i....L._h_,
0 0.10.20304050.60.70.809 1
Global RF Output
80 £(b) Double Tag D@, 9.7 fb!
70 Hf RF < 0.5 M
60 B 760
50§ oy
40 £ tt enriched ggvoia
30

00 0.1 020304 0506070809 1
Global RF Output
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Lpﬁ\ Validation of results

PARIS

* Measure cross section of the known process with

the same final state

W(—£v)+2 jets, Single and Double Tags

. . . . = 5000F = p
- Smaller cross section for Higgs production (~7 times) Basoo- @ Do,971
. . S4000F o0, B iliic
- Diboson signal peaks at lower masses 23500 mar
3000} V-thf
- i o500F t
o APP'Y similar C(nCIIYSIS MH = 125 GeV| VH — Vbb [fb] | VZ —Vbb [fb] zigg; f/l\r}glet
vvbb 9 73 1500E B |:|MH=(13150(8)eV
* Measured cross section: 'I‘I’ss 136 12045 ot
* z > .
(073 +0.3 2) SM Total 28 202 %50 100 150 200 250 500 320 400
" 2005 - :
£ 400CDg, L <9.7 fb” 2 100EP?: Ljn< 97 T ' _+_ Data- Background
S annk 2 I Measured VZ
w 300:— —+— Data - Background ] 50 —— +1 s.d. on Background
n B Measured VZ
200 —— +1 s.d. on Background
- of
- (a) -
100 C
- =501
0F :
- -100—
-100 - o5 07 TF R
e v Low v b v be v w bove Lo Lo baw iy '150_||I|||I|||I|nnlnn':]ugln-ﬂuauf?:ulg‘??"ﬁs’lﬁs
0 50 100 150 200 250 300 350 400 -2 -18 -16 -14 12 -1 -08 -0.6
Dijet mass (GeV) log, (s/b)
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LPNHE

PARIS

* Exp (obs) @125 GeV: ¢ Exp (obs) @125 GeV:

- 3.9(4.3)*SM
() —Observed Limt D@, 9.5
----- Expected Limit ]

Expected 1 s.d.
Expected £2 s.d.

10}

1

Limit / 6(pp—([W/ZJH)xBr( H—sbb)

-|||||||||||||||||||||||||||||||||||||||||||||||||-
100 105 110 115 120 125 130 135 140 145 150
My (GeV)

- H.

ZH - vwbb

B

3/22/2013

w

y
o

N

y
(=]

—h
o

95% CL Limit / SM

-4.7(4.8)*SM

V(— Iv)+2, 3 jets with 1 tight+2 b-tags

E -1

- D?a’)gj fo = Observed

Y Expected

L [ Expected + 1 s.d
Expected + 2 s.d

= Standard Model = 1.0

9 100 110 120 130 140 150

M, (GeV)
PR

WH — Ivbb

ol

L. 7. Higgs boson at Tevatron

VH - Vbb results

* Exp (obs) @125 GeV:

it/ &(pp—sZH)xBr(H—sbb)

imi

L

—
o
TTTT

-5.1(7.1)*SM

—_
LILJ

[ — Olé)served ILimil
| auee Expected Limit
Expected £1 s.d.
Expected £ 2 s.d.

D@, 9.71"

90

P R T R TR N
110 120 130 140

150

My (GeV)

ZH - llbb  ©
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LPNHE

PARIS

VH - Vbb results

* Expected sensitivity @125 GeV: 2.3*SM; observed 3.5*SM

[OJLLR, #1s.d.
[JLLR, #2s.d.
-e:LLR,

-e:LLR,,,
—LLR

= i S 14E 1

Dm DO, Lint <97fb — Observed a - D@, Lint <9.7fb
<12 — ¥ 12F _
EI"UZ = SM H—bb Combination ... Expected wio Higgs 3 E; SM H—sbb Combination
g E Expected +1 s.d. _E 8 E_
E - Expected £2 s.d. % 6 -
- 10 > 4E
- C g =
Q C 3 NPT, *
BE : 2 :— T TN
& 0F

1 -'-'-'-'..-..- -2 :7 ......................

E T e B T -4:_||||||||||||||||
90 100 110 130 140 150 90 100 110
M, (GeV)

3/22/2013 L. 7. Higgs boson at Tevatron

140 150
M, (GeV)
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LPNHE

PARIS

3/22/2013

DO combination

L. 7. Higgs boson at Tevatron
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LPNHE ) Combining all DO channels:

" Whatd bined signal look like?
0 105 /7]
€ 10 DO.L <9.7fb" —+- Data T 100 DO, L, int™ <9.71b" —+— Data - Background
g * it 77 Fit Background g - B M =125 GeV
w 10* B M,=125 GeV w —— #1 s.d. on Background
(a) 50 (a)
L]
10° * ., B
$ . 0 t_ o
10° = - .
— B 6
50_
10 — $ ¥ ) *
_— - o
1 —_ -100_—" R e o "To'“?uﬂS
L1 I 1 i i | | - I | -] | i 1§ I | | | i1 i I | - | i 1§ | 1 = [ I 1
24 22 -2 -18 16 -14 1.2 -1 -0.8 -0.6 24 2 2 2 18 1 6 14 1 2 -1 08 05
Iogw(sfb) Iog (sfb)

- Distribution of log, (s/b), for the data from all contributing
Higgs boson search channels
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LPNHE ) Sensitivity of the search

PARIS
o) = 1
= - LLR, +1 s.d. DO, L <97fb
= - int
% 20 - MR, 254, SM Higgs Combination
8 15 ---LLR, —LLRg,
é - ==-=-LLR,, ——LLHHH:u.EGE‘u
A 2100
— -
Background-likg o 5k
outcomes - -
0
Signal-like E
outcomes s
v B | | | I

! ! ! I R T R TR T oy
100 120 140 160 180 200
M, (GeV)

 (Observe a broad excess between ~115 GeV and ~145 GeV
consistent with a SM Higgs expectation
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NHE D
LR p-value for background hypothesis

* p-value for background hypothesis provides information about the
consistency with the observed data

* Local p-value distribution for background only expectation:
- DO: 1.7 s.d. (@125 GeV)

DO, L <97 fb’ = 1-CL,, Observed
int ssmum 1-CL,, Expected
— - 1-CL, M,=125 GeV
[ ]| Expected +1 s.d.
[ | Expected +2 s.d.

—
===
T

__SM Higgs Combination

Background p-value

1075, e,

- 26
102 >
107 S T - A 30

| 1 | 1 1 | | | 1 | I | 1 | I | | |
100 120 140 160 180 200
M, (GeV)

3/22/2013 L. 7. Higgs boson at Tevatron
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NHE D
LENHE Signal Strength

* Best fit for the signal, signal strength, is consistent with SM within
1s.d.

.+ @125 GeV:1.407 o

DO,L _<9.7 fb”

—o— Best Fit

.J_r1 s.d.

T
150 160 170 180 190 200
M, (GeV)

AR
10 120 130 140

3/22/2013 L. Z. Higgs boson at Tevatron
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LPNHE

PARIS

Signal Strength

* Best fit for the signal, signal strength, is consistent with SM within

1sd.
@125 GeV: 1.407 ) o

Orit/ Ogm

3/22/2013

DO,L _<9.7 fb”

—o— Best Fit

.J_r1 s.d.

M, (GeV)

L. Z. Higgs boson at Tevatron

[ S N A R N B S R I A
120 130 140 150 160 170 180 190 200

DO,L <9.7fb’
int

M, =125 GeV
- [ ] Combined (68%)
_ - Single Channel
Combined -
H— vy =
H- W'W -
H— 1 -
H— bb
0 3 4 5 6
cxB/(ox B)sm

Combined  1.4070:22

H — vy 4.2075 5
H—WTW~ 190118
H— 71777 396735
H — bb 1.237137
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PARIS

3/22/2013

Tevatron combination

L. 7. Higgs boson at Tevatron
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LPNHE

Overview of the searches

PARIS
DO Luminosity (fb™!) My (GeV) Reference
WH — fvbb 9.7 90-150 Phys. Rev. Lett. 109, 121804 (2012); Acc by PRD arXiv:1301.6122
ZH — £fbb 9.7 90-150 Phys. Rev. Lett. 109, 121803 (2012); Sub to PRD arXiv:1303.3276
ZH — vibb 0.5 100-150 Phys. Lett. B 716, 285 (2012)
HsWW- s fftul v 0.7 100-200 Acc by PRD arXiv:1301.1243
H+X =5 WW = pErf+ < ljet 7.3 155-200 Phys. Lett. B 714, 237 (2012)
H - WW~ = fug'qg 9.7 100200 Ace by PRD arXiv:1301.6122
VH — eep/ppe+X 9.7 100-200 Sub to PRD arXiv:1302.5723
VH = eSpE+ X 0.7 100-200 Sub to PRD arXiv:1302.5723
VH = lvy'qq'g 9.7 100-200 Acc by PRD arXiv:1301.6122
VH = e+ X 2.6 100150 Sub to PRD arXiv:1302.5723
H+ X — g3 0.7 105-150 Ace by PRD arXiv:1211.6993
H — vy 9.7 100-150 Ace by PRD, arXiv:1301.5358
CDF
WH — fvbb 9.45 90-150 Phys. Rev. Lett. 109, 111804 (2012)
ZH — ££bb 9.45 90-150 Phys. Rev. Lett. 109, 111803 (2012)
ZH — vohb 9.45 90-150 Phys. Rev. Lett. 109, 111805 (2012); Acc. by PRD arXiv: 1301.4440
H—sWtW- o vl 0.7 110-200 FERMILAB-PUB-13-029-E, For submission to PRD
H—-WW = enun, 9.7 130-200 FERMILAB-PUB-13-029-E, For submission to PRD
VH — eepf/ppe+ X 9.7 110-200 FERMILAB-PUB-13-029-E, For submission to PRD
H— 71 6.0 100-150 Phys. Rev. Lett. 108, 181804 (2012)
H Sy 10.0 100-150 Phys. Lett. B 717, 173 (2012)
H — ZZ — 1l .7 120-200 Phys. Rev. D 86 (2012) 072012
ttH — WV bbbb 9.45 100150 Phys. Rev. Lett. 109 (2012) 181802
VH — _;r_jbE 9.45 100150 JHEP 1302 (2013) 004

 CDF combination:
H - bb:

- Phys. Rev. Lett. 109, 111802 (2012)

All channels:

- Submitted to PRD arXiv:1301.6668

3/22/2013

* DO combination:
H - bb:
- Phys. Rev. Lett. 109, 121802 (2012)
All channels:
- Submitted to PRD arXiv:1303.0823

L. 7. Higgs boson at Tevatron
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LPNHE Overview of the searches

PARIS

DO Luminosity (fb™!) My (GeV) Reference
WH — fvbb 9.7 90-150 Phys. Rev. Lett. 109, 121804 (2012); Acc by PRD arXiv:1301.6122
ZH — £fbb 9.7 90-150 Phys. Rev. Lett. 109, 121803 (2012); Sub to PRD arXiv:1303.3276
ZH — vibb 0.5 100-150 Phys. Lett. B 716, 285 (2012)
HsWW- s fftul v 0.7 100-200 Acc by PRD arXiv:1301.1243
H+X =5 WW = pErf+ < ljet 7.3 155-200 Phys. Lett. B 714, 237 (2012)
H - WW~ = fug'qg 9.7 100200 Ace by PRD arXiv:1301.6122
VH — eep/ppe+X 9.7 100-200 Sub to PRD arXiv:1302.5723
VH = eSpE+ X 0.7 100-200 Sub to PRD arXiv:1302.5723
VH = lvy'qq'g 9.7 100-200 Acc by PRD arXiv:1301.6122
VH = e+ X 2.6 100150 Sub to PRD arXiv:1302.5723
H + X _} E',I__ - n 7 1NE 1 En Ko e TIT R - W 2o 4 SN
H _:'_ ﬂru!':r L] L] L] L]

—5—— Tevatron combination is about to be submitted! ——
WH — fvbb 9.45 90-150 Phys. Hev. Lett. 109, 111804 (2012)
ZH — ££bb 9.45 90-150 Phys. Rev. Lett. 109, 111803 (2012)
ZH — vohb 9.45 90-150 Phys. Rev. Lett. 109, 111805 (2012); Acc. by PRD arXiv: 1301.4440
H—sWtW- o vl 0.7 110-200 FERMILAB-PUB-13-029-E, For submission to PRD
H—-WW = enun, 9.7 130-200 FERMILAB-PUB-13-029-E, For submission to PRD
VH — eepf/ppe+ X 9.7 110-200 FERMILAB-PUB-13-029-E, For submission to PRD
H— 71 6.0 100-150 Phys. Rev. Lett. 108, 181804 (2012)
H Sy 10.0 100-150 Phys. Lett. B 717, 173 (2012)
H — ZZ — 1l .7 120-200 Phys. Rev. D 86 (2012) 072012
tt H — WW bbbb 9.45 100150 Phys. Rev. Lett. 109 (2012) 181802
VH — _;rjbE 9.45 100150 JHEP 1302 (2013) 004

 CDF combination: DO combination:

H - bb: H - bb:

- Phys. Rev. Lett. 109, 111802 (2012) - Phys. Rev. Lett. 109, 121802 (2012)

All channels: All channels:

- Submitted to PRD arXiv:1301.6668 - Submitted to PRD arXiv:1303.0823

3/22/2013 L. Z. Higgs boson at Tevatron



LPNHE

PARIS

3/22/2013

Validation with diboson measurement

L. Z. Higgs boson at Tevatron
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NHE D D
LENHE " validation of results

* Measure cross section of the known process with
the same final state
- Smaller cross section for Higgs production (~7 times)
- Diboson signal peaks at lower masses

MH =125 GeV| VH — Vbb [fb] | VZ —Vbb [fb]
* Apply similar analysis vvbb 9 73
lvbb 16 105
* Measured cross section:(0.68+0.21)*SM llbb 3 24
Total 28 202
% [ TevatronRunll, L <10fb" % | TevatronRunll, L <10fb"
30000} 1+2 b-Tagged Jets E 800} 1+2 b-Tagged Jets
§8000— o *@: 600:— —+— Data - Bkod
£ g — g
s e b [ Jzz
UJ6000:— - 400; [ Higgs Signal
4000 :_ 200} m,=125 GeV/c?
2000/~ 0
e T I TR R e e e e e 0o
Dijet Mass (GeV/c?) Dijet Mass (GeV/c?)
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LPNHE

PARIS

3/22/2013

Combined results from Tevatron

L. Z. Higgs boson at Tevatron
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LPNHE

Decay mode combinations
2 2
s 105 _1 . =107 - -
] . Tevatron Runll, L, <101b" === Expected w/o Higgs % - Tevatron Runll,L_,<101b" === Expected w/o Higgs
'-E SM H—s7yy combination = QObserved E SM H—t*1t combination — Observed
— | [ Expected +1 s.d. — | I Expected +1 s.d.
S [ | Expected 2 s.d. S [ ] Expected £2 s.d.
N R
9] 9]
%10 <10 . —
SM=1 SM=1
1 i 1 i
100 105 110 115 120 125 130 135 140 145 150 100 105 110 115 120 125 130 135 140 145 150
m,, (GeV/c?) m,, (GeV/c?)
* H -vy * H - 11
- Expected sensitivity @125 GeV - Expected sensitivity @125 GeV
of ~5.9*SM *
. of ~5.7*SM
-~2s.d.excessinH vy
3/22/2013 L. Z. Higgs boson at Tevatron 48



NHE ) "
SRR Decay mode combinations

[HILLR, +1s.d. Tevatron Run Il L_ <10 fo”
40 [JLLR, t2sd. SM H—WW Combination
..... LLR, — LLRgy
LLR LLR

my=125G eVic®

Log-Likelihood Ratio
(%] (%]
o o

—_
o

o

-10

11 1 1 I 1 11 | | 11 11 I 1 101 | 10 11 I 1 11 1 | ‘lhl 'I*l I | | P11 | 1 1) 1
100 110 120 130 140 150 160 170 180 190 200
my(GeV/c?)

* H- WW:
- Expected sensitivity @125 GeV of 2.04xSM
- Very broad excess consistent with expectations (i.e., lack of mass peak
due to escaping neutrinos)

3/22/2013 L. Z. Higgs boson at Tevatron 49



LPNHE

Decay mode combinations

FPARIS

2 Tevatron Run II, L <10 fb™ . LLR, £1s.d. o | Tevatron Run Il, L., <10 b — Measured
T 20 _ o LR +2ed = 990 F 'S\ Ho>bb combination B i1sd.
5 SM H—bb Combination D p T <s.d ? BB Predicted ' psd

S 500
__E 15K e LLR, _II:II:EObs EJ ----- Expected if m =125 GeV/c® (6, x1.5)
E """"" m,=125 GeV/c® D e Expected if m =125 GeV/c® (c,x1.0)
- 10 2

S % 300

200
o N Temeesl 00 |
N\ - -Hemmm 100 ot
5 e P
I P P PR B A N St
90 100 110 120 130 140 150 090 100 110 120 130 140 150
m,(GeV/c?) my, (GeV/c?)
* VH - Vbb:

- Expected sensitivity at m ~125 GeV of 1.42xSM.

- Broad excess consistent with dijet mass resolution

- Best fit (0, + 0, ) x B(H-bb)= 0.197) pb @125 GeV

WH ZH . —0.09
- To be compared with SM: (o, + 0,,,) * B(H - bb) = 0.12+0.01 pb
3/22/2013 L. Z. Higgs boson at Tevatron 50



L pNHE ) Combining all CDF and DO channels:
What does combined signal look like?

i o 250
E 5 " Tevatron Run II, L. (< 10 g Tevatron Run Il, Lir1t <10 b + Data-background
10 ° -SM Higgs combination . = 200 : P
% e 'IB'evatron data 0 SM Higgs combination B SV Higgs signal
Li0c L ackground fit E 150
c g : :
9104 i Bl SM Higgs signal N —— +1 s.d. on background
W m,=125 GeV/c? 100
al .
o .. 50
102} L 0
10 | s i 010
E + -50 | S
1k _ll C -g 5
F - B @
10-1 i 100 E Z o ¢
o -2 _ 150 ‘ 5
3l i 3
10 ¢ 200 i mH:125 GeWcE 105 075 05 -lu:u_'25 : “bj&l
_4 E : 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 ID|g1D| S.ll 1 I
. -250
0 4 3 2 | 0 -3 2.5 2 1.5 -1 0.5 0
log,o(s/b) log,,(s/b)

- Distribution of log, (s/b), for the data from all combining
Higgs boson decay channels
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e
LPNHE Result of the SM combination

—_
o

| == Observed

-
[ R <
< Expected wio Higgs evatron Runll, L, <10 1b

i ; Expected +1 s.d. SM Higgs combination

| Expected £2 s.d.
== Expectedif m =125 GeV/c®

95% C.L. Limit/'SM

L I L L L I L L L I L L L I L L ! | ! ! L
100 120 140 160 180 200
m,, (GeV/c?)

* Tevatron excludes (expect):

90-109 (90-120) GeV and 149-182 (140-184) GeV @95% C.L.

* Exp. (obs) sensitivity @125 GeV: 1.06 (2.44)*SM

3/22/2013 L. Z. Higgs boson at Tevatron

52



LPNHE

Sensitivity of the search
C [ILLR, +1s.d. Tevatron Run I, L_ <10 fb”
30 :_ D LLR, +2s.d. SM Higgs Combination

Background-like

}
Log-Likelihood Ratio
N
O

10
outcomes
0
Signal-like
outcomes 10 W
v : | | | | | | | L I I I I I I“.-I‘I [ 1 I [ 1 1
100 120 140 160 180 200
my(GeV/c?)

e Observed broad excess in data
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LPNHE

Sensitivity of the search
-..% C [ILLR, +1s.d. Tevatron Run I, L_ <10 fb”
E - . . .
= 30 |- [ ]LLR, t2sd. SM Higgs Combination
E E ..... LLR, — LLR,,
Aﬁ 20 - ---LLRgp ..o LLF{mH=125G.a-‘l.nn'.:2
. f N (6,,% 1.5)
Background-like 5 10
outcomes —
0
Signal-like NG
outcomes 10F
\J R R B S DA R
100 120 140 160 180 200
my(GeV/c?)

e Observed broad excess in data
- Consistent with the assumption of the presence of the Higgs
boson with a m =125 GeV and a cross section of ~1.5*SM
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NHE )
LENHE T bovalue for background hypothesis

* p-value for background hypothesis provides information about the
consistency with the observed data

* Local p-value distribution for background only expectation:
- 3.1s.d. (@125 GeV)

)
S 10® E Tevatron Run I, L <10fb" = Observed
m - :
> 102 k- SM Higgs Combination =~ "= Expected w/ Higgs
o S [T Expected £ 1 s.d.
2 10 B oy % 1.0 (m =125 GeV/c?) [ ] Expected £ 2 s.d.
= = _ 2
o] - ---: 0y x 1.5 (m =125 GeVic)
S 1
(o)) T rrrrreees W —
=< 1o
@ 10"
(1] 2c
107
10—3 --------- 3c
10™
------------------------------------ dc
1D_5 1 I I [] [l I I I [ ] [l I I [l I
100 120 140 160 180 200
m,, (GeV/c?)
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NHE
LENHE Signal Strength

* Best fit for the signal, signal strength, is consistent with SM within
1s.d.
+0.59

* @125 GeV:1.44 "5

s

- Tevatron Run I, L, , < 10 fo' SM Higgs combination
35 | = Observed

L 41 s

o/SM

----- Expected if m, =125 GeV/c® (o,x1.5)

e T Expected if m,=125 GeV/c® (o, x1.0
: 12 s.d. P " o

L L I
140 160 180 200
my, (GeV/c?)

I L
100 120
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NHE )
LENHE T Signal strengths for various decays

D Luminosity (fb~!) My (GeV) Reference
WH — fuvbb 9.7 90-150 Phys. Rev. Lett. 109, 121804 (2012); Acc by PRD arXiv:1301.6122
ZH — £fbb 9.7 90-150 Phys. Rev. Lett. 109, 121803 (2012); Sub to PRD arXiv:1303.3276
ZH — vibb 0.5 100-150 Phys. Lett. B 716, 285 (2012)
HoWW- 5 vl 0.7 100-200 Ace by PRD arXiv:1301.1243
H+ X 5 WW S ptrf4 < ljet 7.3 155-200 Phys. Lett. B 714, 237 (2012)
H—sWYW- = fig'g 9.7 100-200 Acec by PRD arXiv:1301.6122
VH — eep/ppe+ X 9.7 100-200 Sub to PRD arXiv:1302.5723
VH - e*p*+ X 0.7 100-200 Sub to PRD arXiv:1302.5723
VH - fvg'gg'q 0.7 100200 Acc by PRD arXiv:1301.6122
VH = mymp+ X 5.6 100150 Sub to PRD arXiv:1302.5723
H+ X - fmjj 9.7 105-150 Ace by PRD arXiv:1211.6003
H — vy 0.7 100-150 Acc by PRD), arXiv:1301.5358
~Cb¥F
WH — fuvbb 9.45 00150 Phys. Rev. Lett. 109, 111804 (2012)
ZH — (fbb 9.45 90-150 Phys. Rev. Lett. 109, 111803 (2012)
ZH — vibb 9.45 00150 Phys. Rev. Lett. 109, 111805 12[!122: Ace. by PRD arKh;lSl]l.dd—dD
H— WW- = i+ui-p 9.7 110-200 FERMILAB-PUB-13-029-E, For submission to PRD
H—=WW = enun, 9.7 130-200 FERMILAB-PUB-13-029-E, For submission to PRD
VH — ee e+ X 9.7 110-200 FERMILAB-PUB-13-029-E, For submission to PRD
H— 711 6.0 100-150 Phys. Rev. Lett. 108, 181804 (2012)
H =y 10.0 100150 Phys. Lett. B 717, 173 (2012)
H— ZZ — 1l 9.7 120200 Phys. Rev. D 86 (2012) 072012
ttH — W W bbbb 9.45 100-150 Phys. Rev. Lett. 109 (2012) 181802
VH — _]'jbE 9.45 100150 JHEP 1302 (2013) 004

e VH o Vbb,H — WW,H 1t H - YY.
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L pNHE) Signal strength for various decays

PARIS

o
0

* Posterior probability densities
for R = (o x B)/SM from the

combinations of all search

Posterior probability density

channels
my (GeV/c?) 125
Reu(SM) L4433 .
Re(H — WHW— 0.94+9-83
ﬁt( i ) —0.83 Hos WW
Ree(H — bb) 1.5975:7 e
Rae(H — vv) 597733 _
VH— Vbb
Ra(H — 7+77) 1.68%153

3/22/2013

L. 7. Higgs boson at Tevatron

— -1
| b) TevatronRunll,L <10fb m,, = 125 GeV/c?
— Combined
lllll |_|_> tﬁ
— - Ho W'W
— H Tt
----- H— 7y
10 12 14
(o x Br)/SM
Tevatron Run I, L <10 fo
my, = 125 GeV/c?
|| combined (68% C.L.)
—l- Single channel
L
+—i--
-
-
| | | | ] | ] ] | ]
12 3 4 5 6 7 8 9 10
Best Fit (o x Br)/SM
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LPNHE ) Little history of Tevatron results

PaRIS
. -1 . -1 . . -1
Data of 2007; up to 2.4 fb Data of 2008; up to 4.2 fb Data of mid 2009; up to 5.4 fb
R [ Tevatron Run II Prelimin: LLR, 20 =2 - TILR.. 120 14 E : ; e
S r ary — o I U i PR 4 F  PELLR, flo CDF+DD Runl{ Prelitninary
= g L=1024 1! WLLR, tlo | =2 F Tevatron Runl IT Preliminary flo | S fmp R: by S
- ~ LLRy - L=0.9-42fb 10 Eirres LLR;
- -« iLLR 10 E
6 LLRsp s B B s e ok - S NN - PO LIR..,
- _ELLROES g : March 5; 2009 : 2 T LLRObS
4 ' 6: E
= 4
2 4 o TN RTINS SNENIRY PIENIN ST ICLodtts £ RUNIION AURCIME) W St
2 0 .............
0 ~~N\-: — T
0 2B M e, o
2 2f 4 E . ‘
||||i|||| L ||||i|||||||||i||||i|||| A -4;IIIIlllillllIIIIilll|i||||’ilT.|-‘|‘|ly||||i|||||||| '6_||||||||||||||||||||||||'|.I|‘||||||||||||||
110 120 130 140 150 160 170 180 190 200 100 110 120 130 140 150 160 170 180 190 200 100 110 120 130 140 150 160 170 180 190 200
my, (GeV/c?) m,, (GeV/c?) Nirwemtier 6, 2009 my, (GeV)

a2 F ] : . : .8 F -1
j - -H‘E ',1, Tevatron RuénH E’relm:l(l‘mr)-'1 E 25 E- Tevawon Runil Preliminury Em LR, fa = LR, £1sd. Tevatron Run Il L <10 fb
15 C LR 2206 <> =2.21D _ r c 40 — l:lLLRb +2s.d. SM H|ggs Combination
- === LLR, : B F e LLR,
- 230 gy I - 6, 1.0 (m =125 GeV/c?)
8 [ —LLRg, ---0,x15(m=125GeVic?)
= 20 |
O
o]
—
A I I PP I I DL A D DU D ; TPY PIR PR ol TR Y PO A R T o A R
100 110 120 130 140 150 160 170 180 190 200 W00 110 120 130 140 150 160 170 180 190 200 120 140 160 180 200
Jllly 19, 2010 mH (GBV) I'.l':l- 17, Ml n\” 1[;,.:1,'.44:1' mH (GEV/C )

Data of mid 2010; up t0 5.9 fb*  Data of mid 2011; up to 8.6 fb*'  Full data set; up to 10 fb™
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LPNHE

PARIS

3/22/2013

Couplings

L. 7. Higgs boson at Tevatron
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LPNHE

PARIS

* Several production and decay mechanisms

contribute to signal rates per channel =>
interpretation is difficult

* Simplified model, SM-like with the
following:
- Hff couplings are scaled together by k.

- HWW coupling is scaled by k,
- HZZ coupling is scaled by k,

* For some studies, we scale the HWW and
HZZ couplings by K, =K =K,

* Standard Model is recovered if
K. =K, =K, = 1

3/22/2013

Higgs boson couplings
to bosons and fermions

g

L. Z. Higgs boson at Tevatron

————H__
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!a!’.jﬁ"f\ Higgs boson couplings
to bosons and fermions

* Follow the prescription from LHC Higgs cross section
working group: arXiv:1209.0040

* Basic assumptions:
- There is only one underlying state at m _~125 GeV

- I't has negligible width
- It is a CP even scalar (only allow for modification of
coupling strengths, leaving the Lorentz structure of the

interaction untouched)
- No additional invisible or undetected Higgs decay modes
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LPNHE Constraining couplings

PARIS

* Scale cross sections for each process according to couplings
o(gg — H) = osm(gg — H)(0.95k% + 0.05kfKy)
o(VH, VBF) = osy(VH, VBF)r2,

* Recompute all Higgs boson decay branching ratios from scaled partial widths
F(H— W) =T(H= W)syrd; (V =W, 2)

 T(H = XX)
F(H — ff) = [(H — fF) s BR(H = XX) = =
(H— gg) =T(H — gg)sm(0.95x% + 0.05k¢ky/) i i
[(H—vy) =T(H = v7)smlakry + Byl t T3
h-=-- t h===
a=1.28; p=-0.21,; t W
from Spira et al. arXiv:hep-ph/9504378 1 ?

=> H- yy from destructive interference between the two contributions
- If any of the couplings is negative, intferference becomes
constructive

=> Larger rate of the H - vy
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LPNHE Couplings
* Posterior probability distributions

(a) vary Kk, (k, = Kk =1)

- A negative sign of Kk is preferred by the
Tevatron data due to the excess in H - yy

- Best fiti k= -1.27

(b) vary k., (k,, = Kk =1)

- Searches at the Tevatron are sensitive
almost exclusively to (k,)* so the posterior
density is nearly symmetric

- Best fit: k, = £1.05

(c) vary k. (k,, = Kk, =1)

- Asymmetry due to H - vy

- Best fit: k. = -2.64 (large due to the

excesses in H-yy and VH - Vbb)
3/22/2013 L. Z. Higgs boson at Tevatron

Posterior density Posterior density

Posterior density

—

0.8

0.6

0.6 ¢

- --=== Local maxima Tevatron Run II, L <10 fb”

0.5

0.4 r

0.4

0.4

0.2}

0.3F
0.2 F

0.1F

| Tevatron Run Il le <101b

1

[ secL.
[ JosmcL

=«==+ | ocal maxima

[ s8% C.L.
C [ Jes®wcC.L

SM=1

E Tevatron Run ll, L <10 b

=«==+ | ocal maxima

[ e L.
[ JesmcL




LPNHE

Couplings

+ Bothk, and k., vary independently

- K, infegrated over
- Best fit: (k ) = (1.25,+0.90)

w/’ KZ

+ The point (k,, k) = (0, 0)
corresponds to no Higgs boson
production or decay in the most
sensitive search modes at the
Tevatron and is not included within
the 95% C.L. region due to the

significant excess of events in the
SM Higgs boson searches @ 125 GeV

3

3/22/2013 L. 7. Higgs boson at Tevatron

| Tevatron Run II, L <10fb"
- ® Local maxima 4 SM
. e8% C.L. [ ]95% C.L.
: ¥; floating
) S A I N B
0 0.5 1 1.5 2 2.5
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/"‘_"'\ .
LENHE Couplings

» Probe SU(2), custodial symmetry by measuring the ratio A, =k, /K,
- Measure 8, , =tan(k,/k, )=tan™(1/A )

- Measure: |eWZ|_o 68 00 =N, =124

[ - Best Fit Tevatron Run Il, L <10 fb™
| [ 68% CL
[ ]os% CL
— SM=n/4

e
o

K; floating

"
L L I T 1 T 1

o
o

Posterior probability density

0.5 1 1.5

o
D L T T
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LPNHE Couplings

PARIS

* Assuming that custodial symmetry

holds, A, =1, allow both k , and K, To

¢ wz
- o | ocal maxima
vary | [168% C.L.
* Asymmetry is from the excesses in ar
the H - yy [
2 |

* Two minima: i
(k,, k)=(1.05,-2.40) and 0 _
(k,. k.) = (1.05, 2.30)

[ Tevatron Run Il, L_ <10 fo'

A SM
| ]95% C.L.

Myz=1

* The integral of the posterior density _
in the (+,+) quadrant is 26% of the 4l
total, while the remaining 74% of T T e
the integral of the posterior density 0 0.5 1 1.5

is contained within the (+,-) quadrant

3/22/2013 L. 7. Higgs boson at Tevatron
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NHE D .
Kl VB Summary on couplings

* Couplings to fermions: Kf=—2-64j:§(9)

* Couplings to bosons:

i, =—1.27" 0% :second interval 1.04 <x,,<1.51

K,=% 1.05f8j§§
- if varied fogether: (k, k,) = (1.25,:0.90)

» For custodial symmetry: |0, |=0.68"07 =\, =1.24""1

* If custodial symmetry is preserved:
(k,. k.)=(1.05,-2.40) and (k,, k) = (1.05, 2.30)

3/22/2013 L. Z. Higgs boson at Tevatron
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NHE D
LENHE Summary

e Tevatron has ended its 25 years' run on September 30™ 2011
- It ran more than 9 years at /s = 1.96 TeV
- It delivered almost 12 fb™ during that period
- We are grateful for all these data

- [JLLR, +1s.d. Do, L, <9.7 b’

. . . . 20 - +2s.d. iggs Combination
* DO finalized publications of all search | e S
L === LLRgy ——LLRMH=125c=ev

channels
- Broad data excess compatible with a
Higgs boson with m = 125 GeV is

Log-Likelihood Ratio

observed in the two main channels, T
. M, (GeV)

VH - Vbb and H - WW, as well as in

the full combination

* All results just submitted for publication:
w http://www-d0.fnal.gov/d0_publications/d0_pubs_list_bytopic.html#higgs
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LPNHE Summary

* Both CDF and DO experiments performed
very well
- Improvements over the years led to the
95% C.L. exclusion sensitivity <~1.0xSM for
m,, < 185 GeV when combining two experiments

 3.1s.d. excess @125 GeV observed in data
when combining from both experiments,
consistent with LHC observation

* Signal strengths in all analyzed decay channels
are consistent with SM Higgs expectation

* Results on Higgs couplings are also consistent
with the SM predictions

H— vy
H— W'W"
H— 't

VH— Vbb

* Tt is unlikely that H- bb is established before 2015,
except if the results from all experiments are combined

3/22/2013 L. Z. Higgs boson at Tevatron

Tevatron Run Il, L, <10 fb”'
m,, = 125 GeV/c®

[ combined (68% C.L.)
—ll— Single channel

23 45 6 7 8
Best Fit (¢ x Br)/SM

| Tevatron Run I, L, <10 fb™
- ® Local maxima 4 SM
| [68% C.L. []95% C.L.

M=1
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LPNHE

PARIS

3/22/2013

Backup

L. 7. Higgs boson at Tevatron
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LpNHE) Signal strength for various decays

PARIS
2 0.8 T Runll,L_<10fb"
? | b) TevatronRunll, L <10 m, = 125 GeV/c?
8 I — Combined
06 (\ .. Hos bE
| — - Ho W'W
Ne) i
© 04/ — Hovr
a / e
s [P\ i
2 0204 \=
o i s N
o - '&. ..... ~, Tt
0 - ™~ — — —_—r —— e
0 2 4 8 10 12 14
(o x Br)/SM
Tevatron Run I, Lint <10fb"’
> 0.8F i m,, = 125 GeV/c?
a -a) Tevatron Run I, L <10 fb™ m,, = 125 GeV/c? [ Combined (68% C.L.)
% = — Combined — —l— Single channel
.'E‘ 06 Y 2T H—) tﬁ
S i H— — =
® [ — - Ho W'W i
e - -
g 04 ~ — Ho Hos WHW'
. 7 S N\ e
= s H— 't
7 02 _
o R 2 — VH— Vbb [
R , N R TN S N S R
0 1 2 3 4 0 2 3 4 5 6 7 8 9 10
(o x Br)/SM Best Fit (o x Br)/SM
3/22/2013 L. Z. Higgs boson at Tevatron
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Egsm\ Tevatron H - bb Results
PRL 109,071804(2012)

Tevatron Run|l, L, <9.7fb"

[22]
o
o

e Last Summer:

| — Measured --'+ Expected for m_ =125 GeV/c
i B isd Assuming best fit rate at m_ =125 GeVic?
— 500 - Alsd. --=-  Expected for m =125 GeV/c®
= GVH-O.23iO.09 pb (SM: O.lZi0.0lpb) @125 Gev kS 12 sd AssumingSMra?E
400 7 = Predicted PRL*

[h]
[=]
o

* Now:
-0,,.-0.19+-0.09 pb, consistent with the
summer results

- The shift in this result is due to the
updated ZH - vvbb analysis from CDF

(Gyyi+O2y) X Br(H—bb) (ib)

M
o
o

100

600 | Tevatron Run Il I__int£_10fb'1 — Measured
. | r SM H—bb combination P +1sd.
and corresponds to a change in the o b B8 Predoted || 254

----- Expected if m ;=125 GeV/c® (ox1.5)
---------- Expected if m =125 GeV/c® (c,x1.0)

central value of 0.6 times the total
Now

uncertainty, consistent with the
difference expected given the observed

changes in the CDF ZH - vvbb

(Oywy+02y) x Br(H—bb) (ib)

PRI ISR S T NN TR S S S
090 100 110 120 130 140 150

CDF results presented by T. Junk on January 18™: GV

http://theory.fnal.gov/jetp/talks/wc_trj _cdfhiggs_18jan_pub.pdf
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NHE
2diil Interpretation in non SM

°a ° a
“-é " TE’VEi.trOI"I HLII'I ”! le i .10 _fb"I """ EKp. 95::—"(0 G.Ln lelt [ Higgs) % Te‘n‘ﬂtl"on HLII'I “, LII"It E 10 1b-1 ----- Expemed Wfo nggs
g SM4 Higgs combination = Obs. 95% C.L. Limit = 10 | Fermiophobic Higgs combination == Observed
£ 10 B +1s.d. Exp. Limit E | B Expected 1 5.d.
I i | +2s.d. Exp. Limit - 1 Expected +2 s.d.
E === SM4 (low mass) 32
X ——  SM4 (high mass) @
T
S 9
© 1

_1 / i

100 120 140 160 180 200 220 240 260 280 300 100 110 120 130 140 150 160 170 180 190 200

2
m,, (GeV/c?) my, (GeV/c®)
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NHE D
LA NHE H->tautau

c SARLN RN LU U L UL S U UL L ® a 104
S a9f D@, 8.6 fb",ur,r, —Data () - DO L=0.7 fb" data
2 [1Z+]jets : . . Wajets
S 25 [ODiboson 10 = hultjets
> = :
I 20F DW+]etS - diboson
- it ] o _ — 1t signal (x 100) o]
150 —Signalx 10 - iy ! o W sional ()
: M.=125 GeV : o 44y it
10 H - o
2 e 10
55_ = I —— .—-—_:] E
£ ===__ __— i -
0 01 02 03 04 05 0.6 0.7 0.8 0.9 1 11-0.8-06-0.4-02 0 0.2 0.4 0.6 0.8 1
First BDT Discriminant BDT,
c L LA L I I UL I IR 5
8 4of DO, 8.6 fb", ut,t, —Data () - 5 R e
] 10: " []Z+jets § 10 DE_'V'_ L=9.71b Z+jets @)
g g D Diboson b e utjj T subsample Bl W+jets
IE E [ W+lets E c = tr':m ltijets
6 Bt . é 10? ﬂ_.. diboson
- —Signal x 10 - - : — signal (x 100)
ar M,=125 GeV G 10
- . .
2 -1 T .
- oo i — = = i 10
0 010203040506070809 1 1072
Second BDT Discriminant B 23[?-|-T°'2 PR S8
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PARIS

3/22/2013

LPNHE The Higgs Mechanism

Essential ingredient of the Standard Model
- Complex scalar field with potential

Used to break the el. weak symmetry...
1 1

Mszvg Mzzgvg/coseWzMW/coseW

... and to generate fermion masses:
mfzgfv/\/a 2gfszxﬁ/v
Unitarity requires a scalar Higgs basan

+ —+
H L ‘i‘ L W.I.:. W.-in -

or similar ,
- cross section for WW ::"'W{:

scattering diverges

llke S/MW2 W, W W

Wi wg
2&:
W, W,
(c)
4
W,

- scalar Higgs boson cancels ::bit':: :::I{:

divergences Wi wioowg

L. 7. Higgs boson at Tevatron
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/“’_"\ .
24l Systematics

* Luminosity: 6.1%

* b-tagging rate: 1-10%

* JES and JER ~7%

* Lepton id and similar: 1-9%

* Simulated backgrounds
cross sections 4-30%

* MJ background 10-30%

3/22/2013 L. 7. Higgs boson at Tevatron
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EESNHE\CDF and D@ experimentsin Run ||

Forward Mini-defl

Forward Scintillator |

chamhbers .:LEntTB].E‘t!ntl Ii-ah-:.r l

LB T R L e b e S T

i . ey
P ] R }
h :._

» New silicon micro-vertex trackers S|
B R el el

* New tracking systems L

* Both detectors are upgraded in
Run IT

* Upgraded muon chambers

Mew Solenoid, Tracking System
51, ScilFi,Preshowers

T + HE'E;.' Electronics, Trig, DAL
Angular coverage ||
Muon ID ~2
Tracking ~2.5
EM/ JetID ~4

SV + I5L

coT A 2k
Muon chambers/scintillators
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LPNHE ) An example of limits settings

PARIS

« Compare Poisson likelihood of B hypothesis to S+B hypothesis, and
calculate their negative log likelihood ratio (LLR):

e K

-

L(B) L(S+B) LLR
di \d;
bi'exp(bi) (si +bi)“exp(s; + b;)
H : di! I:[ d;‘! 2';.5}'—{!.;']0g(1 —|—.S‘f/b.,'}

i

F where d; events observed in bin / with S

or . In each bin (B) or s+b. in each bin (S+B)

 Repeat many times to obtain LLR distribution: median is Expected LLR

3/22/2013

[ Events [kl

and B expectations s; and b;.

- _ctuation

C TR, #'6
F SM Higgs Combipation [ JLLR, 20
r . i mum LR

r DO Preliminary, =L>=6.1 fb A LLR;

July 19, 2010

L. 7. Higgs boson at Tevatron

100 110 120 130 140 150 160 170 180 190 200

my; (GeV)
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10
102

103

D@, L <9.7 fb”
SM Higgs Combination

e CL_., Observed

— — CL

[ ] Expected +1 s.d.
[ ] Expected +2 s.d.

CL_,, Expected w/o Higgs

MH=1 25 GeV

s+b

s+b

16

20

3/22/2013

C Ls+b

10 £ Tevatron Run I, L_ <10 fio! == Observed
, F SM Higgs Combination ™" Expected w/o Higgs
10 [ Expected+ 1 s.d.
----------- oy % 1.0 (m =125 GeV/c?) [ ] Expected 2 s.d.
10 .. o, % 1.5 (m =125 GeV/c®)
1

10—1 = L N,

1072

10
10

10°
m,, (GeV/c?)

L. Z. Higgs boson at Tevatron

200

1o

2c

3c

4o
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